The southern hairy-nosed wombat (Lasiorhinus latifrons) is a cryptic, primarily nocturnal marsupial, for which behavioral information is notably lacking. Animals that are difficult to observe can be identified and tracked by individual-specific genotypes obtained from remotely collected DNA sources; wombats are excellent candidates for such an approach because freshly plucked hair is easily captured at burrow entrances. Twice a year during 1999-2001, we employed an intensive remote hair-collection regime coupled with individual-resolution genetic analysis to sample a South Australian population in a 63.3-km 2 protected conservation reserve. Individuals were identified using 5 highly polymorphic microsatellite markers and further examined using another 10 markers to resolve ambiguities, enabling assessment of burrow-and space-use patterns. Analyses of rate of discovery of new individuals indicated that nearly all wombats inhabiting the study area were detected (102); there were .1,000 ''capture'' events, and 90% of individuals were detected multiple times. Surprisingly, a female sex bias existed despite females being the dispersing sex. Space use was conservative and likely a reflection of adaptations enabling energy conservation. Transits between the northern and southern sections of the study area were nearly nonexistent. No sex or consistent seasonal differences were found in burrow, warren, or space use, other than in interaction with other factors. However, a strong increase in activity and space use in September 2001 relative to other sampling periods may be attributed to activities associated with mating. The thoroughness and evenness of this study's sampling strategy was markedly effective for this species, as, with appropriate modification and optimization, it will likely be for other shy and cryptic organisms.
Cryptic, rare, dangerous, or otherwise scientifically inconvenient animals can be infeasible to study by traditional means such as trapping and radiocollaring (Greenwood 1996; Taberlet and Luikart 1999) . Further, such invasive methods may alter the very characters under investigation (Harrison et al. 1991; Morell 1995) . The capacity to noninvasively procure DNA suitable for genotyping and sexing has been a significant recent advance in the field of molecular ecology (Piggott and Taylor 2003) and can circumvent these problems. Advantages include increased sample size, decreased animal stress, noninterference with natural movements, reduced capture bias, and, importantly, the ability to draw upon the wealth of information inherent to this type of genetic data (Sunnucks 2000) .
The utility of remote, hair-based methods to sample and individually identify wild animals genetically was demonstrated in a range of difficult-to-observe mammals including black and brown bears (Lorenzini et al. 2004; Taberlet et al. 1997; Woods et al. 1999) , chimpanzees (Constable et al. 2001; Morin et al. 2001) , and wombats (Banks et al. 2002 (Banks et al. , 2003 Sloane et al. 2000) . Follicles of plucked hair are more DNArich than those of shed hair (Gagneux et al. 1997; Morin et al. 2001) , particularly when same-day DNA extractions are performed (Sloane et al. 2000) .
Few thorough investigations of wild populations, and even fewer longer-term ones, have relied on remotely collected samples for genetic analysis. This paucity is likely a consequence of slow integration of a relatively new technology, as well as the labor and cost associated with genetic tracking of individuals through time. The latter requires specialized techniques to obtain reliable results (noninvasive samples contain DNA of lower quality and quantity than that sourced from tissue) and involves potentially thousands of samples. None of these points is prohibitive; indeed, as long as issues of accuracy, repeatability, and resolving power (Taberlet et al. 1996; Waits et al. 2001 ) are addressed adequately (Bonin et al. 2004; Paetkau 2003; Piggott and Taylor 2003; Waits and Paetkau 2005) , remote sampling of hair has proven to be an excellent approach for individual identification of mammals. For instance, individuals of northern hairy-nosed wombats detected by hair sampling were consistent with those from trapping, but the hair sampling data provided greater volume, accuracy, and efficiency (Banks et al. 2003) . Further, despite the labor and cost of large-scale hair-based studies, they can be more cost-effective and informative than traditional methods, with the additional advantage that the genetic data procured can be employed in further applications (e.g., dispersal, parentage, and relatedness).
The southern hairy-nosed wombat (Lasiorhinus latifrons), distributed exclusively in semiarid regions of southern Australia, is a large (26-kg) herbivorous marsupial inhabiting interconnected burrow systems called warrens. Despite its status as one of the largest mammalian burrowers-warrens have even been detected from space (Löffler and Margules 1980)-and as South Australia's faunal emblem, the species has largely escaped behavioral inquiry. This lack of attention is a consequence of wombats being nocturnal, shy, and problematic to capture, complemented by Australia having a short history of science and comparatively few biologists. Apart from an observational study in the 1970s (Gaughwin 1981 ) and a recent radiotracking investigation (Finlayson et al. 2005 )-both of which were necessarily restricted by small sample size (e.g., n ¼ 10-16 wombats- Finlayson et al. 2005 )-behavior and space use of the species have been little studied. Gaughwin (1981) found up to 10 wombats using a warren, although not simultaneously, and stable warren membership (2 wombats of each sex used the same warrens for at least 8 years). Males had higher warren fidelity than females, and there is some evidence that female Lasiorhinus range farther than males (Gaughwin 1981; Johnson and Crossman 1991) . However, Finlayson et al. (2005) found no sex differences. Those studies can be extended in 3 ways that are facilitated by noninvasive sampling: increased number of individuals, increased spatial and temporal sampling, and reduced potential for altered behavior or biased inferences through method of data collection. Noninvasive sampling is likely the most accurate means to investigate this species' space use because normal behavior is disrupted by capturing, handling, and collaring (Evans 2000) .
We used large-scale, remote hair-sampling and genotyping methods to identify and track the southern hairy-nosed wombat through multiple years and seasons. This study system has very high reliability and power (Banks et al. 2003; Sloane et al. 2000) , allowing us to detect individuals and determine census size, as well as capture space-use and burrow-sharing information. We were particularly interested in the following aspects of ranging behavior. First, space use of the southern hairy-nosed wombat is apparently small for an animal of its size. Ranges of 2-4 ha have been reported previously (Finlayson et al. 2005; Gaughwin 1981; Wells 1978a ), but we considered it valuable to derive estimates using a method that does not involve capture or radiotracking and that can be applied to substantial numbers of each sex. Second, we wanted to examine whether space use changes seasonally. For the northern hairy-nosed wombat, poor forage quality experienced in the winter dry season was associated with an increase in home-range size (Johnson 1991) . Thus, we hypothesized that southern hairy-nosed wombat space use may decline in spring when forage is abundant and of higher nutritional value, or after good rains, consistent with the finding that grazing haloes around warrens varied inversely with plant growth (Lehman 1979) . (Burrow use does not necessarily reflect feeding and other nighttime movements.) Additionally, 1 or both sexes may be more mobile during the breeding season. Finally, because higher female mobility and female-biased dispersal (Banks et al. 2002; Johnson and Crossman 1991) might be expected to lead to higher mortality in females, sex ratio was assessed.
MATERIALS AND METHODS
Field site and sampling area.-Southern hairy-nosed wombats were hair-sampled biannually (spring and autumn) at Brookfield Conservation Park (AUS66 54 360053 E 6197417 N) from September 1999 to September 2001. The park, in the Murraylands of South Australia, contains a large population of the species in relatively continuous habitat (McGregor and Wells 1998; St. John 1998) and is the site at which Gaughwin (1981) carried out his behavioral observations. Brookfield Conservation Park lies in a semiarid region experiencing low, irregular rainfall (mean annual precipitation at the Bureau of Meteorology's Blanchetown station over the past 50 years was 288 6 94 mm). Of our 5 sampling periods, 3 occurred in the spring (mating) season (September 1999 , October 2000 , and September 2001 and 2 in the autumnal (nonmating) season (March 2000 and April 2001 -Gaughwin et al. 1998 Hamilton et al. 2000) . Note that ''sampling period'' refers to the 5 bouts of fieldwork and is distinct from ''season.'' The sampling area increased until the 3rd sampling period, by which time every burrow of all warrens within a 1.8 Â 0.5-km area was sampled for hair for 5-7 consecutive nights. This area consisted of 39 warrens comprising 1-44 burrows each ( X ¼ 8.74 6 8.66 SD). Rubbing sites-objects such as trees, logs, shrubs, or posts that were located near warrens and against which wombats scratched themselves-also were sampled for hair.
Hair collection, DNA extraction, and storage.-We suspended double-sided adhesive tape (carpet tape, TESA Tape product 4970, Charles, North Carolina) between garden stakes secured at each side of burrow entrances (after Taylor et al. 1998 ). When wombats entered or exited their burrows, they deposited hair on the tapes. This noninvasive procedure adheres to guidelines of the American Society of Mammalogists for animal care and use (Animal Care and Use Committee 1998). Tapes were examined each morning and replaced if hair was present or if tape quality was compromised by rain or dust. Three hair samples (2 with 1 hair and 1 with up to 5 hairs) were collected from each tape where possible. Same-day DNA extractions were performed in the field using 5% Chelex (Sloane et al. 2000) . When possible, this study used DNA extracts derived from single hairs to ensure that samples contained hair from single animals (Alpers et al. 2003; Roon et al. 2005) , and because single hairs give relatively even DNA quantities on gels, as opposed to ''clumps'' with different numbers of hairs. Pooled hair samples were employed, with appropriate safeguards, only for tapes from which single hairs amplified poorly (Alpers et al. 2003) . Follicles were selected in a manner to maximize the chances of detecting multiple individuals if they were represented on a tape (i.e., single hair samples were pulled from disparate areas of the tape), while minimizing the chance that the pooled hair sample itself would contain multiple individuals (i.e., pooled hair sample was pulled from the same area of the tape).
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Extracts were stored on ice and frozen as soon as possible (ranging from same day to same week).
Microsatellite genotyping and individual identification.-A suite of 5 highly variable (mean expected heterozygosity [H E ] ¼ 0.74) microsatellite loci (Lk21, Lk23, Lk37, Lla54CA, and Lla71CA-Beheregaray et al. 2000) was employed in this study to identify individuals, and an additional 10 loci were used for clarification purposes as needed (see below). Because genotyping errors tend to be nonrandomly distributed among loci (Palsbøll et al. 1997) , ease of scoring, adherence to Hardy-Weinberg expectations, and high H E were key criteria in selecting study markers from amongst the 28 available for wombats (Alpers 1998; Beheregaray et al. 2000; Taylor et al. 1994 ). The 5 loci were highly discriminating with respect to individual identity: the probability of 2 randomly selected individuals sharing a multilocus genotype was 5.40 Â 10
À6
, and the probability of full siblings doing so was 9.20 Â 10 À3 (Waits et al. 2001) . Thus, even under the unrealistically conservative assumption that all pairs were related at the level of full siblings, ,1% of pairs would be genetically indistinguishable. Extracts with 100% allelic sharing at these 5 loci were thus considered to belong to the same wombat.
The DNA extracts from both single hair samples of each tape were amplified by polymerase chain reaction (PCR) for a duplex (Lk21 and sexing marker-see below). If the duplicate single hair samples gave matching Lk21 and sexing genotypes, only the extract with the strongest signal was subjected to further genotyping, otherwise both were fully genotyped. In rare instances where both extracts failed to amplify, the pooled hair sample was used. PCR conditions followed Sloane et al. (2000) , employing the touchdown conditions of Beheregaray et al. (2000) . Allele scoring was standardized by sideby-side comparison with samples from Alpers (1998).
Sex identification.-A marker specific for the Y chromosome (SRY- Watson et al. 1998 ) was PCR-amplified simultaneously with a larger microsatellite (Lk21) as an internal control for PCR success, to identify the sex of hair donors. PCRs contained 2.5 mM of MgCl 2 ; 75 mM of Tris-HCl (pH 8.3); 20 mM of (NH 4 ) 2 SO 4 ; 0.01% Tween 20; 200 lM of deoxythymidine triphosphate, deoxyguanosine triphosphate, and deoxycytidine triphosphate; 20 lM of deoxyadenosine triphosphate; 0.005 mM of [a 33 P]-deoxyadenosine triphosphate at 3,000 Ci/mmol; 0.0017% bovine serum albumin weight per volume, 2 lM of each Lk21 primer; 0.67 lM of each bSRY primer; 0.5 U of Taq DNA polymerase (MBI Fermentas, Burlington, Ontario, Canada); and 8 ll of DNA extract (4% of the extraction volume) in a 15-ll reaction. Cycling involved an initial step of 948C for 2 min followed by 30 cycles of a touchdown PCR of 15 s at 948C, 30 s at annealing (628C, 628C, 598C, 578C, and 558C), and 45 s at 728C, and a concluding step of 2 min at 728C.
Quality control.-This study executed quality-control procedures recently discussed by Bonin et al. (2004) , Paetkau (2003) , Piggott and Taylor (2003) , and Waits and Paetkau (2005) to minimize and detect genotyping errors. Because 10,493 PCRs were performed during this study, 31 single-locus genotypes can be expected to be false based on the 0.3% error rate reported by Sloane et al. (2000) using this protocol. To increase the chance of detecting artifactual PCR products, nonamplifying alleles, and scoring errors, PCRs were repeated for all unclear signal, novel alleles, and extracts that gave genotypes differing at 3 or fewer loci. Poorly amplifying extracts and those with unusually high homozygosity were culled, because errors within a data set often occur within the same genotypic array (Bonin et al. 2004 ). Further, samples that putatively originated from the same wombat yet were geographically distant from one another were scored for a further 10 polymorphic loci (Ll2, Lla68CA, Lla109, Lk19, Lk26, Lk32, Lla67CA, Lk09, Lk13, and Lk27-Beheregaray et al. 2000).
Tests for linkage disequilibrium between pairs of loci and deviations from Hardy-Weinberg equilibrium were performed via the program GENEPOP 3.3 (Raymond and Rousset 1995) . In addition to the standard, nondirectional Hardy-Weinberg test, data were examined specifically for heterozygote or homozygote deficits. Further, to evaluate whether an underlying trend of heterozygote deficit (that may indicate allelic dropout) remained undetected, patterns of P 0.1 and positive F IS values were examined across loci and sampling periods. A sequential Bonferroni procedure (Rice 1989 ) was applied to adjust for multiple tests where appropriate.
Wombat detection efficacy.-Increasingly, noninvasive genetic methods are being developed and used as a means to estimate population size (Banks et al. 2003; Bellemain et al. 2005; Eggert et al. 2003; Miller et al. 2005; Mills et al. 2000; Romain-Bondi et al. 2004) . To this end, our study employed a capture-mark-recapture model, with the aim of assessing the efficacy of the sampling protocol in censusing wombats in the study area. We used the M h-jackknife of program CAPTURE (Otis et al. 1978) , a model that allows for heterogeneity in capture probability among individuals (Burnham and Overton 1978) , because of behavioral differences, to calculate abundance estimates overall and for each sex at each sampling period. The assumption of a closed population was deemed reasonable because sampling occurred over a short timescale and burrow-use data showed that individuals displayed high warren fidelity. Population size estimates based on capture-mark-recapture were tested against the number of different individuals detected during each sampling period (paired t-test), to provide an estimate of how thoroughly the population was sampled.
To determine whether male and female wombats differed inherently in detectability, the number of new individuals detected per night was plotted separately for each sex, and a simple detection model used to test for a difference in the sex-specific regression slopes (A. Sudbury, pers. comm.). The equation is: lnðprobability of 1st detection on rth nightÞ ¼ ðr À 1Þ lnð1 À PÞ þ lnðnPÞ;
where P is probability of detection, 1 À P is probability of nondetection, n is sample size, and r is night of detection. Plotting ln(probability of 1st detection on rth night) against r results in a line with slope ln(1 À P) and intercept ln[nP/(1 À P)]. Testing for a sex difference in slopes was achieved by permutation (program Resampling Stats 5.0.2-http://www.resample.com; -Good 2000) . Tests for differences in numbers of burrows and warrens used.-Analysis of variance (ANOVA) tests (SPSS 1999) were performed to determine whether there were differences in the number of tape hits, distinct burrows (i.e., different burrow identities), warrens and rubbing sites used, and number of nights detected among individuals and across sampling periods, seasons, and sex. Normality was evidenced by residual plots, homoscedasticity was assessed by Bartlett's test, and the Satterthwaite approximation was incorporated for the degrees of freedom where appropriate. Individuals were nested within sex to account for individual differences and nonindependence due to detections in multiple sampling periods. Sampling periods were nested within season and treated as a random factor to allow generalization to mating and nonmating seasons. To further test these variables, repeated-measures analysis was used upon the subset of individuals detected every sampling period. Data from different sampling periods were entered into the analysis such that only the same burrows sampled for the same number of days were included.
To determine whether there were unexpected sex biases at the warren level, within-warren departures from expected sex ratios (i.e., overall sex ratio in the detected population each sampling period) were evaluated per night and sampling period by employing chi-square single-variable, goodness-of-fit tests. For all analyses where transformations were required, real numbers are reported.
Space use.-Geographic coordinates were recorded at all warrens with a Magellan 315 global positioning system (Thales Navigation, San Dimas, California). Area, rangespan, and interfix distances for individuals of each sex were calculated using the program Ranges V (Kenward and Hodder 1996) . In this application, warren-use area was defined as the area encompassed by warrens used (requiring detection in at least 3 warrens) and rangespan as the maximum distance between detections during a sampling period. Interfix distance was defined as the shortest route between successive detections and was used as a measure of the minimum distance wombats traveled over a sampling period. Minimum convex polygons were selected for warren-use area estimation because they perform better than other methods when the number of detections is small (Harris et al. 1990) . ANOVA tests employing the same model as above were used to test for differences in interfix distance, rangespan, and warren-use area. Again, data were standardized to include the same burrows and sampling days. Because a large number of detections is required for this analysis, the 1999 sampling period was not analyzed because of its higher rate of attrition (i.e., loss of prospective data through sampling or genotyping problems). We present values as mean 6 SD.
RESULTS
Tapes collected and rate of attrition.-We placed tapes across an average of 213 (range 156-291) burrows and rubbing sites each sampling period, providing 6,865 opportunities for wombats to donate hair for this study, of which 1,225 were taken. The majority of tapes that were hit by wombats sported hair follicles (97%), suggesting that few samples were lost due to tape quality, and that tapes were set at an appropriate height to ''pluck'' hairs rather than just collect shed ones. For 89% of tapes at least 1 of the 3 extracts amplified in the initial PCR. Of the single chosen extracts per tape, 96% amplified for the 5 loci required for individual identification. Thus, the total attrition from the collection of successful hair-tapes to the point of individual designation, calculated as the product of the differences from 100%, was 15%.
In all, 89% of tapes were represented by single hair extracts. Of the pooled hair samples, 2.3% were from multiple wombats (evidenced by the presence of more than 2 alleles at a locus) and thus removed from analysis. The probability of failing to detect multiple individuals in a pooled sample, that is, that it would not contain more than 2 alleles at 1 locus or more, is negligibly low for a Murraylands population (Alpers et al. 2003) , so pooled samples showing only 1 or 2 alleles per locus were retained in the data set.
Quality control, and Hardy-Weinberg and linkage equilibria.-More than 90% of multilocus genotypes were detected more than once. Repeated PCR amplification in the rare cases of questionable signal gave a clear result for all but a few poorly amplifying extracts that were consequently removed from further analysis (0.9% of the total). There were no instances of intraindividual samples differing in sex designation, and the individual designation of extracts that were spatially disparate but genotypically identical remained unchanged after genotyping at a further 10 loci.
No locus in any sampling period deviated significantly from Hardy-Weinberg expectations after correction for multiple tests (Rice 1989) . Testing specifically for heterozygote or homozygote deficits-a more conservative approach-also yielded nonsignificance. No clear pattern emerged from examining patterns of P 0.1 and positive F IS across loci and sampling periods except for September 2001, which had an increase in positive F IS (i.e., increased heterozygote deficit). To investigate this increase, the northern and southern areas were analyzed separately because few wombats were detected moving between them. F IS declined to the values seen in the other sampling periods, suggesting that the increase in this period was a Wahlund effect (a heterozygote deficit resulting from presence of genetically differentiated subpopulations).
Likewise, no locus pairs were consistently in linkage disequilibrium. The 5% of pairwise locus combinations that were significantly in linkage disequilibrium after correction for multiple tests did not show a consistent pattern across sampling periods.
Detection success overall and for the sexes.-Over all sampling periods, 102 distinct multilocus genotypes were identified. The absence of a significant difference between observed and estimated population sizes (P ¼ 0.22; Table 1 ), suggests that all or nearly all wombats in the study area were detected, a result reflected by a decline in the number of new individuals detected per night to a mean across periods of 2.8 6 1.30 and 0.33 6 0.58 by the 5th and 6th night, respectively (Fig. 1) .
Individuals were detected between 1 and 44 times ( X ¼ 10.77 6 10.43), and a high percentage was detected in multiple sampling periods (Table 1) . Heterogeneity in number of detections is similar to that reported for a recent, hair-based census of northern hairy-nosed wombats (Banks et al. 2003) ; such heterogeneity is likely attributable, in part, to lower detection probabilities of wombats that frequent burrows used previously in the night by other wombats. Busy burrows render lower detection probabilities because of higher ''tape competition'' (only 2 hair samples were routinely used for analysis), and because the adhesiveness of tape declines after being brushed against. That wombats share burrows within the same night is clear, because the 2 hair samples analyzed per tape belonged to different wombats for 9.5% of tapes (this percentage is higher than that found for pooled hair samples because single hairs were selected to maximize the chance of detecting multiple individuals). Over all sampling periods, 16% of individuals were detected only once per sampling period. Of these, 90% were detected in other sampling periods. Few (19%) of these single detections were in rarely used warrens at the perimeter of the study area. Most (77%) were in commonly used burrows, supporting the hypothesis (outlined above) of lower detection probability for individuals in burrows that are used frequently by other individuals. Missed individuals were likely mostly juveniles, which may have a lower probability of detection because of emerging from burrows behind their mothers (who may break the tape), or being too short to hit the tape. Evidence that juveniles are difficult to sample comes from the fact that 50% of study individuals detected only once were in a 1st-order relationship with a putative mother with whom common burrows were shared (Banks et al. 2003; Walker 2004) . Overall, it appears that nearly all wombats that regularly used the study area were identified, possibly with the exception of some juveniles. However, this does not detract from our results because our primary interest here is space use of adults. A female sex bias was present overall (63 females and 39 males) and in 4 of 5 sampling periods (Table 1) , and was not due to a sex bias in detectability, as suggested by several lines of evidence. First, females significantly outnumbered males both in the observed data and abundance estimates from the capture-mark-recapture model (paired t-tests: observed, P ¼ 0.003; estimated, P ¼ 0.03). Second, the number of new males detected per night declined toward 0 in a similar fashion to the number of females, as evidenced by the good fit of the detectability model (all cases except 1 when n ¼ sample size þ 1) and lack of significant sex difference in slopes of regression of number of new individuals on sampling night (Resampling Stats, P ¼ 0.31). In the single sampling period in which the model did not fit, no new individuals were detected on the last 2 nights. Third, there was a nonsignificant trend (Resampling Stats, P ¼ 0.15) for individual males to be detected in more sampling periods than females, which is the opposite of expectation if males had inherently lower detectability, as is the fact that 78% of the individuals sampled only on a single tape were female.
Burrow and warren use.-Whether or not a warren was inhabited was consistent between sampling periods. Thirty-eight percent were used every time they were sampled, and half of the remainder was rarely used. Wombats preferred warrens with more burrow entrances (Resampling Stats, P ¼ 0.0004), perhaps a consequence of their adding entrances to favored warrens.
The mean number of hits, distinct burrows, warrens and rubbing sites used each sampling period, and nights detected were greatest in September 2001 (Table 2) . These latter differences were driven by females hitting more tapes than males in October 2000, and by females using more warrens than males in April 2001. The overall low level of sex difference was corroborated by repeated-measures analyses of hit and warren data (i.e., the variables having the most significant results in the above analysis) of the 8 males and 11 females that were detected every sampling period.
Warren membership and sex ratio.-The number of individuals detected in active warrens was greater in spring than in autumn (Resampling Stats, P ¼ 0.03, data square-root transformed; X ¼ 3.83 6 2.74, range 1-10; mean number of individuals detected per night in warrens in which activity was detected every night was 3.08 6 1.29, with range 1-8). Active warrens comprised more detected females than males in spring (separate variance t-test on log-transformed data:
The number of males per warren did not change between seasons (Resampling Stats, P ¼ 0.20; data log-transformed), but there was a trend toward more females detected in spring (Resampling Stats, P ¼ 0.06; data log-transformed).
In no instance at warrens in each sampling period did the departure from the expected sex ratio (which was biased toward females) approach significance. It thus does not appear that southern hairy-nosed wombats at Brookfield Conservation Park exhibited a biased sex ratio at warrens beyond that already present in the population.
Space use.-Few wombats were detected using !3 warrens during a sampling period (mean number of warrens used ¼ 1.45 6 0.85, range 1-7; Table 3 ). A significant effect was found of sampling period on warren-use area (F ¼ 635.59, d.f. ¼ 2, 2, P ¼ 0.002), and a near-significant effect was found on interfix distance (F ¼ 15.17, d.f. ¼ 2, 2, P ¼ 0.06). Greater movement in September 2001, particularly compared to previous 6 months, drove both of these results. This increase in activity is apparent in summaries provided in Table 3 , and reflects the burrow-and warren-use results, described above. It is noteworthy that rainfall was well below average in April and above average in September (Fig. 2) . Of further note was the division of the study site into north and south, with wombats rarely detected crossing from one area to the other despite the absence of obvious geographic barriers (Fig. 3) . This suggests that the sampling area was of suitable size to encompass individual movements.
DISCUSSION
Effectiveness of remote sampling.-This work is comparable to more than 1,000 captures of 102 individuals in a capturemark-recapture study. However, unlike capture-markrecapture, wombat movements were minimally disrupted by the method employed. Additionally, space and burrow use were definable for the subset of individuals detected many times. Central to this study's success was the likely detection of all or nearly all wombats frequenting the study area (rate of detection of new individuals declined to almost 0 over sampling periods), attributable to a thorough sampling protocol, high sample viability, and rigorous quality control.
Female demographic bias.-We detected a female demographic sex bias in this study. Female sex bias has not previously been reported for this species and was not observed by Gaughwin (1981) in the present study population, nor was a sex bias found in a nearby population (Finlayson et al. 2005) . Because there was no indication that the taping technique used in this study favored females, it is likely that a female bias is genuine and thus that the capture and observational techniques used in previous studies may be male biased. Female bias may be typical for this species; it was also detected by hair genotyping in another large, continuous population on the Nullarbor Plain, South Australia (Walker 2004) . Such a sex bias is not unusual among mammals (Owens 2002) , but is more surprising in a species such as wombats for which females are the dispersing sex (Walker 2004 ) and thus potentially subject to dispersal-related mortality. Dispersal possibly leads to minimal mortality in this species, relative to the survivorship advantage conferred by homogamety (Laurie 1997) . The number of females also may be inflated because of the presence of transient, dispersing females in the process of seeking residency.
Space use, warren composition, and relevance to ecology.-In terms of understanding mammalian space use, wombats present a unique opportunity, being the only mammals to combine large body size, fossoriality, and a diet of poor-quality forage (Hume and Barboza 1998; Lehman 1979) . The nextlargest burrowing generalist herbivores are about 5 kg (marmots [Marmota] and plains viscacha [Lagostomus maximus]). Southern hairy-nosed wombats have been released from what appears to be an energetic constraint on body size (Johnson 1998 ) via a suite of physiological attributes coupled with behavioral thermoregulation (Wells 1973 (Wells , 1978b . Individuals are resilient in drought even though its frequency is high (Gaughwin et al. 1984) . They exhibit metabolic rates substantially lower than those expected for mammals of their weight range (Evans 2000; Gaughwin et al. 1984; Wells 1978b) , are extremely water efficient, and have an extraordinarily wide thermoneutral zone (between 278C and 408C-Evans 2000; Wells and Green 1998) . Further, southern hairynosed wombats have a lower weight-specific heat conductance and peripheral blood flow than other marsupials (Wells 1978b ). All of these physiological mechanisms could be expected to be associated with low energy requirements and energy conservation and to translate into conservative ranging behavior. Indeed, space use was small. The average area that wombats were detected to use was on par with those quantified by observation (Wells 1978a ) and radiotracking (Finlayson et al. 2005) , but maxima were greater here (maximum this study: 7.82 ha; maximum found by Finlayson et al. [2005] : 4.8 ha; studies coincided temporally, and both included September 2001). This latter point may reflect the greater spatial scale over which it is possible to study wombats using the current method. In any case, these values are strikingly modest when contrasted with other relevant species. For instance, wombat ranges were about 1% of estimates for macropod species that also occur at the study site (Macropus rufus, M. fuliginosus, and M. robustus -Fisher and Owens 2000) , and that subsist on a diet of similar nutritional value. Another example is male yellowbellied marmots (Marmota flaviventris), which used homerange areas of similar size to those of the present study despite having a body weight 15% that of wombats (note: these marmot ranges were among the largest for the speciesSalsbury and Armitage 1994).
Wombats commonly shared burrows within the same night, a phenomenon not detected via radiotracking (Finlayson et al. 2005) . Up to 10 wombats shared a warren (not necessarily simultaneously), in agreement with observational findings (Gaughwin 1981) . Individual wombats were detected to frequent fewer warrens than was reported for the nearby Swan Reach population (average 5- Finlayson et al. 2005 ). This result is likely a function of 31% lower warren density at Brookfield Conservation Park, and possibly also due to the capturing, handling, and collaring involved with radiotrackingwhich increases activity of southern hairy-nosed wombats (Evans 2000) -and to generally greater human interference at Swan Reach where the population is subject to culling. That wombats preferred warrens with more burrow entrances runs parallel to the findings of Finlayson et al. (2005) . Multiple burrow entrances facilitate gas exchange (Boggs et al. 1984; Shimmin et al. 2002 ; G. Taylor, in litt.), likely important for (September 2001, shown) . Only 2 of 118 detected movements involved crossing the midline of the sampling area. Point ¼ warren location; lines link warrens that individual wombats were detected to use; hashes through warrens denote individuals that were detected to occupy only a single warren during the sampling period; dashed line is the north-south midline between used warrens. this large-bodied animal, and may have been a factor in the evolution of group-living in this species. The benefits to individuals of cooperating over burrow construction and maintenance (particularly in areas with a hard calcareous cap limiting burrowing sites) may outweigh the costs of sharing. The presence of burrow and warren sharing demands an analysis of relatedness, which will be the subject of a separate paper.
Seasonal differences.-Consistently heightened activity in the spring (mating) season was not found, unlike in previous studies (Gaughwin 1981; Taylor 1998) . Similar to the finding that home-range sizes did not differ seasonally at Swan Reach (Finlayson et al. 2005) , space use did not fluctuate consistently with season in this study. However, as discussed below, it is noteworthy that the sampling period with the highest activity and space use occurred in springtime after a period of high rainfall. It may be that behaviors other than foraging, such as those that are social or mating-related, come into play under certain conditions in this species.
The lack of consistent seasonal differences may be a symptom of unpredictable rainfall. Southern hairy-nosed wombat reproduction is tied to the plant growth index between July and December, which is directly correlated with precipitation (Gaughwin et al. 1998 ). If rainfall is low during these months, oogenesis and spermatogenesis completely cease (Gaughwin 1981) . In this study, rainfall was higher than average between July 2001 and the September 2001 sampling, which saw the greatest movement by both sexes within and among warrens. We propose that this increase in movement is indicative of good rainfall sanctioning a mating season. Females may travel further during this time to assess or access resources. For instance, they may select mates (if female choice is operating), seek optimal burrows, or access additional food to support energetically expensive lactation. Males may travel further during this period to access females. In addition to mating, burrow construction, another high-energy activity, likely occurs in springtime because temperatures are low and food quantity and quality are high (Taylor 1998; Woolnough and Steele 2001) .
In contrast, the lowest activity and space use occurred during the April 2001 sampling period, at a time when wombats had experienced 3 months of below-average rainfall. This result suggests that southern hairy-nosed wombats are more sedentary during short-term drought, after the summer dry season, or both. Lower summer activity of wombats at Brookfield Conservation Park was recorded in a previous study (Evans 2000) . Thread iris (Moraea setifolia), which southern hairynosed wombats excavate and eat in the dry summer and autumn, may provide adequate nutrition and alleviate the need to increase foraging area (Hutchison 2002) .
Sex differences.-The remarkable paucity of sex differences in burrow or space use also was noted in the radiotracking study of Finlayson et al. (2005) . The only notable difference was that in the present study, active warrens were visited proportionally more by females than by males in spring, indicating that females preferentially used the larger, consistently active warrens more than males did in the spring (mating) season, but were not observed to use more warrens per se. A possible explanation for this finding is that females used the highest-quality warrens as breeding sites. Radiotelemetry of 14 wombats for up to 15 months revealed that male northern hairy-nosed wombats frequented more burrows per night than did females, but that over the course of a year there was no sex difference in the number of burrows used (Johnson 1991) . Finally, the present study's lack of a sex or seasonal difference in use of rubbing sites may signify that such sites are for more immediate purposes (i.e., scratching) than territorial marking, which might be expected to differ between the sexes.
Conclusions.-Space used by southern hairy-nosed wombats was small for a large burrowing mammal. However, the hypothesis that space use declines in spring was not supported. In fact, there was some suggestion that in favorable conditions space use increases because of mating-related behaviors. Exercising a noninvasive genetic approach for the southern hairynosed wombat was important because our knowledge of burrow and space use was previously limited because of necessarily restricted sample sizes. Further, these same genetic data can be used to examine parentage and relatedness of burrow and warren sharers, the subjects of future publications.
